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I 
My invention relates to a new and useful im- 
provement in a tracer-guided reproducing ma- 
chine adapted for reproducing on a work piece 
the form and shape of a pattern or toaster over 
which a tracer is adapted fo travel. These types 
of machines are either mechanically operated, 
electrically operated, or hydraulically operated; 
and in the present invention I have indicated 
the machine as being hydraulically operated in 
part, but it will be obvious from the description 
that other means of operation may be resorted 
to instead of the hydaulic mechanism set out. 
In machines which are tracer-guided or tracer- 
controlled, difficulty is encountered in making 
an undercut, as in most types of tracer-operated 
machines, if is impossible to make an undercut 
where it is necessary fo cut to the right and fo 
the left, or to cut in and fo cut out. It has 
also been experienced that while if is common 
to reproduce by cutting to the right or to the 
left, it is ipossible to have a tracer-controlled 
machine operate, under conventional types of 
construction, in such a mariner that if may cut, 
in repçoducing on the work piece the form of 
the pattern or template, both fo the right and 
to the left af the appropriate rimes. If is an 
object of the present invention to provide a re- 
producing machine in which such cutting may 
be effected. 
If is another object of the invention fo provide 
a plurality of slides on which the cutting tool 
is mounted and which may slide, selectively, af 
various angles relatively to each other. 
It is another object of the present invention 
to provide in a working machine a traveling slide 
carrying a pair of slides movable relatively to 
the traveling slide and so arranged and con- 
structed that one may move in a path of travel 
angularly to the traveling slide in the direction 
of its travel, and the other may more angularly 
to the slide in a direction opposed to the direc- 
tion of movement. 
If is another object of the present invention 
fo provide a plurality of slides so arranged and 
constructed that when one of the slides is moved, 
all of them are moved, and when some of the 
slides are moved, some of the slides remain sta- 
tionary, thus determining the resultant path of 
travel of the cutting tool which is carried-on 
one of the slides. 
Another object of the invention is the provision 
in a machine of this type of a plura!ity of slides 
having hydraulic supporters or mechanism for 
moving the slides selectively and so arranged and 
constructed that the direction of movement may 
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be varied depending upon a position of a control 
valve. 
Another object of the invention is the pro- 
vision of a reproducing mechanism particularly 
5 adapted for mounting on machines having slid- 
able carriages such as the carriage of a lathe, 
and provided with tool-carrying slides so 
ranged that the tool may be moved relatively 
to the carriage angularly in one direction and 
10 angularly in another direction selectively. 
Other objects will appear hereinafter. 
It is recognized that various modifications and 
changes may be made in the detail of structure 
illustrated without departing from the invention, 
15 and if is intended that such shall be embraced 
within the scope of the claims which form a part 
hereof. 
Forming a part of this spocification are draw- 
ings in which, 
20 Fig. 1 is a fragmentary perspective view of a 
lathe, showing the invention applied, 
Fig. 2 is a fragmentary top plan view of a 
lathe, showing the invention applied, 
Fig. 3 is a diagrammatic view illustrating the 
25 invention, 
Fig. 4 is a side elevational view of the view 
shown in Fig. 3, 
Fig. 5 is an end elevational view of Fig. 4, 
Fig. 6 is a diagrammatic view of the hydraulic 
circuit used in the invention, 
30 Fig. 7 is a fragmentary sectional view taken 
on line 7--7 of Fig. 3, 
Fig. 8 is a fragmentary sectional viiw taken 
on line 8--8 of Fig. 3, 
35 Fii. 9 is a longitudinal central sectional view 
through the tracer mechanism used in the inven- 
tion, 
Fig. 10 is a diagrammatic view of the hydraulic 
circuit used in the invention with portions of the 
40 tracer valve and the changeover valve shown in 
section, 
Fig. 11 is similar fo Fig. 10, but with the valve 
element in the changeover valve rotated 90 de- 
grees from the position shown in Fig. 10. 
45 Fig. 12 is a sectional view taken on line 12--12 
of Fig. 3, 
Fig. 13 is a fragmentary sectional view taken 
on line | 3--  3 of Fig. 9. 
Fig. 14 is a diagrammatic view similar fo Fig. 
50 10, but with a tracer valve in a different posi- 
tion, 
Fig. 15 is a diagrammatic view similar to Fig. 
11 and also similar fo Fig. 14, but with the 
changeover valve rotated 90 degrees clockwise, 
55 Fig. 16 is a diagrammatic view simtlar tò Fig. 
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14, but with the changeover valve rotated 180 
degrees, 
ig. 17 is a diagrammatic view similar to ig. 
15, but with the changeover valve rotated 180 
degrees. 
leferring fo the drawings, a lathe bed 9 is 
shown in Fig. I, upon which are positioned paral- 
lel spaced guideways 20 adapted to slidably sup- 
port the lathe carriage 21. A suitable power-op- 
erated lead screw 22 is provided, which is ar- 
ranged in threaded engagement with a suitable 
lead nut carried by the nut support 23, which de- 
pends from said carriage, being secured thereto 
by the nut 23a. Lead screw 22 is rotatable in one 
direction or the other and, being in threaded en- 
gagement with the lead nut, is adapted to effect 
reciprocal traversing movements of the carriage 
2! on the guideways 
Lower cross-slide 24, Figs. 7 and 8, is slidably 
positioned upon the carriage 21 and is adapted 
to transverse adjustment thereon. The carriage 
2 ! includes the dovetail 2 arranged transversely 
of its direction of feed movement, said dovetail 
cooperatively projecting within a corresponding 
dovetail recess formed on the under surface of 
the lower slide 24, a suitable gib 7 being inter- 
posed. 
Transverse adjustment of the lower slide 24 
may be effeeted manually by manual rotation of 
the hand wheel 2, which effects rotation of the 
.lead screw shaft 2 shown in Fig. 1. Said lead 
screw is rotatably journa]ed through a portion 
of the carriage 2! and threadably engages a feed 
nut carried by the lower slide 2, which is hot 
shown buç vhich operates in the conventional 
manner for permitting manual transverse ad- 
justments of the lower slide 4 with respect to 
the carriage 2 f. 
leferring to Fig. 1, there is shown a conven- 
tienal rotatable headstock 28 upon which is .posi- 
tioned the work piece 29. The bed  9 also carries 
a tailstock 39 af ifs opposite end, from which in- 
wardly projects the support  for the rai]stock 
center 3, which is employed when a worl plece 
is supported between headstock 23 and the tail- 
stock 3. As shown in Fig. 1, however, the rail- 
stock 9 is hot employed as the work piece 2 is 
positioned entirely upon the headstock 23. 
The upstanding bracket  is secúred fo car- 
riage 2 ! for movement therewith, said bracket in- 
cluding a conduit and pipe connection for lu- 
bricating carriage 2 f, the detai]s of which wfll 
be described hereafter. 
A suitable template support 34 is mounted upon 
the lthe bed f upon the upstanding template 
supporting pi]Jars 4, one of which is shown in 
Fig. 1 at the left end of the template support 
34. Template  is adjustably secured upon the 
template support 3 for engagement with the 
fracer tip of the tracer mechanism in th man- 
ner hereafter described in detafl. 
The cros-slide , as shown in Figs. OE and 8, 
has slidably and adjustably mounted thereon the 
angularly-arranged center slide 3S, wch in the 
present embodiment is positioned at an angle oî 
45 degrees fo the longitudinal axis of the lower 
cross-slide 4. This slide , also shown in Fig. 
3, is secured fo the hydraulic cylinder 3il for 
movement therewith in the manner hereafter de- 
scribed. Piston 9 is positioned within the hy- 
draulic cylinder $, said piston having a piston 
rod 4e whose outer end is secured at ! to the 
lower slide 2, as indicated in Fig. 8. Conse« 
qtentty, it appears that reciprocal movement of 
the hydraulic cylinder $$ wih respect to the pis- 
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ton 39 will effect reciprocal movement of the cen- 
ter slide 3. 
Angularly arranged dovetail 43 projects up- 
wardly from ]ower s]ide 24 and extends within 
5 a correspondingly-shaped dovetail recess 4a 
formed within the lower surface of the center 
slide 3 there being a suitable gib 43 interposed. 
It will be noted that the dovetail 43 also extends 
in a direction at an angle fo the longitudinal axis 
10 of ]ower s]ide 6, said angle in the present em- 
bodiment being prefm-ably 45 degrees. 
leferring again to Figs. 7 and 8, an angularly 
extending top slide 44 is slidably positicned upon 
the center slide 3 and is arranged af approxi- 
15 mately a 90-degree angle thereto. If follows fur- 
ther that the top s!ide 46 is arranged af an angle 
to the longitudinal axis of the cross-slide 24 
which in the present embodiment is 45 degrees. 
The top slide 44 has an extension upon the 
20 end of which is secured the hydraulic cy]inder a 
for effecting reciprocal movement of the said top 
s]ide. Stationary piston 7 within cylinder 4 
has a piston rod  which projects through the 
casing of the cylinder 45 and is secured af ifs 
25 outer end fo the center slide  at the point 4. 
Consequent]y, reciprocal movements of the cyl- 
inder a with respect to the piston 47 will effect 
corresponding reciprocal movements of the top 
slide ad. 
30 As shown in Fig. 8, there is an upstanding 
dovetail projection . positioned within a corre- 
spondingly-shaped dovetail opening aa, there 
being a suitable gib interposed. It follows that 
the top slide 4 is reciprocal!y slidable upon the 
35 center slide  in a direction at an angle fo the 
longitudinal axis of the lower or cross-slide 2. 
leferring to Figs. 3, 7, and 8, it will be seen 
that the lower cross-slide 24 is adapted for in- 
and-out adjustments transvm«se fo tl]e direction 
40 of movement of the carriage 2 , said adjustments 
being effected by the hand wheel 2 shown in Fig. 
1. When so adjusted, either inwardly or out- 
wardly, it will be seen that the center slide 36 
as we]l as the top slide 4 wi]l similarly be ad- 
45 justed inwardly or outwardly. The center slide 
3 is adapted fo reciprocal movements ai an 
angle to the direction of movement of the car- 
riage l under the control of the hydraulic cyl- 
inder 38. When so adusted it wfll be seen that 
hot only is the slide 36 adjusted, but also the slide 
50 
44 which is mounted thereon. Top slide Æ4, as 
shown in Fig. 7, is also adapted fo reciprocal 
movement under the control o the hydraulic 
cylinder . However, if wil-1 be seen that recip- 
55 focal movement of the top slide will be separate 
and independent of the center slide 36 as well as 
the lower slide 24. 
It is apparent from Figs. 1 and 3 that the two 
hydraulic cylinders 3 and 4 are arranged at an 
60 angle to each other which in the present embodi- 
ment is an angle of 90 degrees. This follows from 
the fact that each of the slides 36 and 44 respec- 
tively are arranged at acute angles to the longi- 
tudinal axis of the lower or cross-slide 2, which 
65 in the present embodiment is an angle of 45 .de- 
grees. 
Carriage 2! is adapted for reciprocal move- 
ment in one direction or the othe. upon the 
guideways 2 under the control of the rotatable 
70 lead screw 22. The lower cross-slide 2a is 
adapted for transverse manual adjustment in 
and out under the control of the hanl vheel 
2. The center slide 3 is reciprocaIly mounted 
upon the lower slide 24 and is adapted to angu- 
75 lar reciprocal movement on said lower slide un- 
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der the control of the hydraulic cylinder 38. 
Furthermore, the top slide 44 is slidably posi- 
tioned on the center slide 36 with its longitudi- 
nal axis arranged substantially at 90 degrees to 
the longitudinal axis of the slide 36. The top 
slide 44 is reciprocally adjustable upon the slide 
36 under the control of the hydraulic cylinder 
Referring to Figs. 1 and 3, top slide 44 is bi- 
furcated and provided with guideways 52, upon 
which is slidably positioned the supporting plate 
5! which projects from the upright supporting 
bracket 50. The slide 5 has a recess 63 within 
which is secured the nut 54 in threaded engage- 
ment with the manually rotatable lead screw 
56. Said lead screw bas a shaft 56 with a hand 
wheel 57 at its outer end for effecting in-and-out 
adjustment of the tracer-supporting bracket 
As shown in Fig. 1, the hand wheel 57 is posi- 
tioned adjacent the left end of the top slide 
44, there being a suitable formation therein for 
supporting the outer end of the lead screw shaït 
56. The inner end oî said shaft is journaled 
and supported within the bearing 58, which is 
secured within a corresponding recess 59 formed 
within top slide 44. Consequently, manual ro- 
tation in one direction or the other of the hand 
wheel 57 wfll effect corresponding in-and-out 
adjustments of the tracer bracket 
As shown in Figs. 1 and 4, a suitable cover 
plate 69 is suitably secured upon the top slide 
44 above and in spaced relation to the inwardly 
and outwardly adjustable slide 5. This cover 
plate 6{} bas been removed from the plan view 
of Fig. 3 for clarity. 
The upright tracer barre] 6 is positioned and 
secured within the bracket 5{} carried upon the 
top slide 44, within the upper end of which is 
secured the ball race 62 with the angularly 
inc]ined surfaces 65. There is a corresponding 
circular ball support 66 carrying the ball bear- 
ings 64 for cooperation with the ball race 
and the inclined surfaces 65, the balls 64 en- 
gaging in a groove formed in the support 63. 
The upright tracer arm 66 is centrally positioned 
within the tracer barrel 6! and bas secured 
thereto ntermediate its ends the ball support 
63, as shown in Fig. 9, with the upper end of the 
tracer arm 66 projecting upwardly and outward- 
ly from said tracer barrel. 
A hollow cap 67 is suitably secured to the 
tracer arm 66 upon the outside of the tracer 
barrel 6, said cap having an annular flange 
whose interior diameter is greater than the ex- 
terior diameter of barrel 6, said flange project- 
ing .downwardly around the upper end of said 
barrel. 
ihe adjustable hollow presser ring 66 is 
threadably positioned within the upper end of 
the tracer barrel 6, its inner surface in cooper- 
ative engagement with the ball race 62, there 
being a suitable locking ring 69 provided for 
effectively securing element 68 in the desired 
adjusted position. 
It will be noted that the tracer arm 66 
secured to the ball support 66 for movement in 
unison with the balls 64 carried by support 
adapted for cooperative engagement with the 
inclined surface 65 on the ball race 62. 
A central longitudinal slot 7{} is provided with- 
in the upper end of the tracer arm 66 and is 
adapted to receive the adapter 7 a, within which 
is positioned tracer tip 7. A knurled nut 
bas a central opening thro.ugh which the tracer 

6 
tip 71 extends, said nut being threadably en- 
gaged with the outer end of the tracer arm 65 
to effectively secure the adapter 7 la within the 
end of said tracer arm. A suitable transverse 
5 slot 73 is provided adjacent the outer end of the 
tracer arm 66 giving access fo the slot 7{} within 
said tracer arm fo facilitate removal of the 
tracer tip supporting adapter 7 la. 
As shown in Fig. 9, a semi-spherical ipening 
10 74 is formed centrally within the lower end 
of the tracer arm 66 for cooperatively receiving 
the spherical ball 76, said ball extending within 
a conically-shaped opening 77 in thi .control 
valve 78 whereby any transverse or axial more- 
15 ment of the tracer tip 71 will be transmitted fo 
the control valve 78 to function in the manner 
hereinafter set out. 
As shown in Fig. 1, the tracer tip 7! is adapted 
to engage the surface of the template 35, said 
20 tracer tip from rime to rime receiving lateral 
thrusts, which lateral thrusts are transmïtted to 
the tracer arm 6{} and to the balls 6. A lateral 
pressure exerted upon the tracer tip 7! has a 
tendency to cause the balls 64 carried by the 
2 tracer arm to ride downwardly on the inclined 
surfaces 65, with the result that the tracer arm 
6{} will move downwardly in a direction substan- 
tially parallel to the longitudinal axis of the 
tracer barrel 6, which movement of the tracer 
:.: arm 66 is adapted through the ball 76 to effect 
downward movement of the control valve 75 
controlling the flow of pressure fluid. 
The control valve 76 bas formed in its outer 
cylindrical surface the three annular openings 
::;: I, 82, and 83. 
The sleeve 84, which slidab]y receives control 
valve 78, bas an annular lïange at its upper end 
which extends into and threadably engages 
with the lower end of the tracer barre] 61, said 
40 s!eeve having a plurality of fluid passages 85, 
8, 87, 88, 89, and 90 formed therein. 
As shown in Fig. 9, the drain conduit 9! is 
joined to the tracer valve housing 06, which has 
a suitable passage therein establishing com- 
45 munication between the drain conduit 9 and 
the passage 9{} formed within the valve sleeve 64. 
As the control valve 76 is slidably positioned 
within the valve sleeve 84, if follows that there 
will be some oil seepage gravitating downwardly 
50 and collecting within the annular chamber 97. 
In view of the connection letween the chamber 
97 and the drain 9 by means of the passage 
9{}, itis c]ear that this off is withdrawn from 
he tracer housing as it collects within the col- 
55 lecting chamber 97. 
leferring fo Fig. 6, a hydraulic power unit is 
diagrammatically indicated as element 2e, sald 
unit including a suitable fluid storage sump as 
well as a hydraulic pump in communication 
60 therewith for supplying pressure fluid fo the 
fluid delivery pipe 92. This delivery pipe 92 ex- 
tends from the hydrau]ii unit 2{} and is joined 
af its other end fo the tracer housing {}. There 
is also an exhaust conduit 93 to connect the 
65 tracer housing I{}{} and the hydraulic unit 12{} 
for transmitting exhaust fluid from the cylin- 
ders back fo the fluid storage sump within the 
said hydraulic unit, 
As shown in Fig. 9, the fluid pressure delivery 
70 conduit 82 is joined fo the passage 88 by the in- 
termediate passage 92a indicated by dotted lines 
in the ëzawing. If will be seen that pre.sure 
fiuid supplied from the conduit 92 is thus directed 
to the passage 68 and, depending upon the po- 
75 sitioning of the control valve 78, will be trans- 



mitte te either of the clinder supply passae 
8: e 89 vhich respeCtiçe}y commucate  with 
passages- 8 and: -9 shon2n dotted lim 
 g.. 9 and bei aaned within the race 
heusg. 106. 
eIei te ig. 6» if fs 
pr of conits 121: and t22 which j the 
tracer hous 106, si condts being respec- 
tiely joined te the:passages I f8 and It9 wihin 
he trac housg 1:06 (Pig. 9).. 
Agin refrin te Pig. 9 a suituble cover 94 
teably exten with tracer housing f06 te 
fòm a Closure for the lower end thereof. A 
sui!ble bearg 9. fs positioned within the ler 
end. of the.cap 94 adjacent the central upright: 
anul flange 96, which has a central opening 
te slidably receive the valve stem 98. Said, hol- 
low upright proection 96 performs the further 
function of preventing any cil  seepge wch. 
olls with the chamber 9] frein escaping 
down the sem 98., sd element 96 coerang 
wi, th the chmber: 9' te rovide a closure 2or 
reting this spage. 
Vulve stem 98, secured af ifs upper ena te the 
fluid. oentrol valve 8.;. sHdubly extends through 
the -. hollow sleeve foation 96' and projects 
below, cap 94-of. the tracer housi 106. Disc 
99  fs positioned aoeacent the lower end of the 
raire stem 98 and fs- secured thereon b the nu 
I,_ as. shown.. 
e. transerse slo.t 2 2oed. thin the 
tracer arm  interr,ediate its en. and with!n 
he tracer barrel t  ad«pted te slidbly re- 
ceive the trunsveme-stabilîzer pin [, which 
is eccentrically mounted af I 4 af iCs en within 
he spaced ball berings I-secured within he 
tracer bue  L The s¢ubilizer p. IO3 fs intend- 
ed: to shdabl- reg:ulate the vertical. eciprocsl- 
moements of he tracer urm 
rime prevetin rotati'en thereo£. 
A coil spr 101 exten around the upght 
projectïon 96which. ferres a part o£ the cap 
with« ifs- opposite endsinterpese5 between bear- 
i.:9-carie i thecap a-an. the lower end 
. he. control valve. 8. Consequently, 
prentthat the controI vale fs: supported upon 
the_coil spring .'i anis ts in a tic,ring con- 
ti i-n the valve sleeve 84:. The itial. 
posi.iog o£ e conrol, vulve ]8. wiin said 
steeve muy, be contrled by. mnua adlustment. 
. the cap 4 regulathg: the teion. ithin the 
cofl spring 10,. Thus, it fs seen tha uward 
mement o e concret vale 
thecoil spri I 4. whereas later pressure upon 
the tracer tip l operating through the tracer 
arm  contro the dewnward movement of. the 
control valve 8 aguinst e tension of the spring 
Thetacer barrel 61 fs suppered in an upright 
position .within an epeng in e brucket:  ud 
fs adjustably secure4 in position by the-removuble 
plate I  secured- therete by. e screws 
Still reïerri te g. 5, there fs a pivotul 
arm 19 pivoted af Il t te the lewer end of the 
tracer valve housing [0, one end er sid arm 
l being bffurcated et 9 te coopertively re- 
ceive a portion of the dise 99 on he valve stem 
98. The opposite end of the ik: 1,99- fs pivotally 
joined af il2 te the veicaH.y meble control 
Ehaft 113. 
Said shaft projects upwr i.ne the hous- 
ing   and carres af ifs upper en the circuler 
dsc  in cooperatie eagemenç with the 
mnually rotatable cam  
As viewed- in ig. 4, if wfll be seen that the 

honsing 114 fs secured t_o nd carried by the 
contro.t valve housing 106 by the screws t[6a; 
The manually rotatable sh.a£t I-I.], which carries 
the cam I. 16, extends frein the housin $ I@ and 
5 has et ifs curer end the manually operateà 
hanlle tl9 A suitable coil spring 1-18: is posi- 
tioned within the housing 114-interpose between. 
the lower end thereof and the under surface 
the dise I 15 upon the control shaft I 18. By this 
10 construction» if ls apparent-that manuel 
tion in, one direction or the other of the handle 
11.9 wil,1- effect a corespending rotary move-- 
ment o£ the cam 11,6; said: cam in turn wil 
cause donward movement of the control, arm. 
15 11:3 against the action of the spri-n 1:18, 
this downward movement in turn wilt effecç. 
pi,votal- movemen.t of the link 109 te causeup- 
wad movement of the valve stem 98., If fol-. 
lows that moving the handle I 19 in the opposite 
20 direction will cause or permit the control arm 
I-13 te, be move4 upwardi, y unde: the: action of. 
the sprioEg I 18, and in that case the lik 1.09- wil 
be: pi:voed in  clockwise direction, causin- down- 
wa.rd movement of the valve stem 98.. Thus, there 
25 is showz in Figs. 4 and 5 a. manuel- eontr(l for 
the control valve ]i within the tracer housing 
t86. This manuel- control fs used primarily in 
settin up the txacer mechanism and securing: it. 
proper relationship wi.th the pattern before.the 
30 machinin operation-. Thia manuel- contro, fs 
also. usefutfor controlling movement: er. the cyl- 
inder under tracer eontrol et the end of, the 
turnin operation.. 
New referring te Fig, 6, it, fs seen. tht. the 
35 condu, its 121 and 122 w.hieh proje¢, fom the 
tracer valve housing 106 re joined te: the 
clangeover va-lve 123, there being .a shu-eiï vaSve 
12'- in.terposed in the- Sine- 12 I. and controtle4 
the arm 12. Deend:mg upon- the opetior-of 
40 the tacer valve within: the truce" housing. 
either o the lines 121. or 122 will 
sure:fluid te. one-end, or-the oher of eithe of the 
two eylinders 35: or 45, depend.ing upon th¢ 
tioning of the rotatablevave elemert, within tha 
45 changeover valve- 12'3,. It follows, further tha 
either of the othe cil the two conduits 12 
will, eondzct exhaust fluid back ïrom.the cylir- 
der tmder tracer control lack te. the tracer houa- 
ing and. thenc-e back te the hydraulic ui2 
50 though the exhaust, line 93. 
As shown in Fg. ô, the, conduite L21, i.s j0Lrmd te 
the chngeov, er valve. 123 et the. poin, 1:26, 
wheeas, the con4uit 1.22. fs joined te saidchang.e- 
over va!v,e et the point 121, 
55 ReIerring no. te Fïg. 10, which fs. a. diagram- 
matie iew_ illustxating the. variou pire. conne¢» 
tions bexveen the. hydraulic Unit, 120 and the 
tracer valve sleeve 4 as well as the connections 
between the tracer valve sleeve 84 and le 
60 ¢hangeover valve housing 123. The changeover 
valve, is shovr in. section for cIsïty. There aie 
also, shown t.wo 1wdranlic cyIinders. $g and 45 
:ith. vaious pies, connecing, the respective 
opposi, te ends. of_ said cy]ind'ers .and.  ourlet: 
6 of the changeover valve 123. 
There is a. plurality of ourlet ports 
1.39.; and 1.31. in spaced zelation, formed witlïin 
the changeover alve housîng 12:3.. The conduit 
13,2 in-erconnect.s, the outle part [28 and one end 
70 of the h.ydraulic: cyIindez : A conduitl 
intezconnects the opposite end. oï' the cylinder 
and. the, ourlet, port 129. The conduit. 184 inter- 
com,ects the, o.ttlet port. I 0 and. ore. end. oi the 
cylinder 3ïl.,.. whereas the other, condui; [85. con, 
7i neets the other« end of cylinder â with..the outlé. 
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port J31 in the changeover valve housing 123. 
Thus the ourlet ports 128, 129, 130, and 131 are 
respectively joined by the conduits J32, 33, J34, 
and 35 with the opposite ends of the hydrauiic 
cylinders 45 and 38. 
There is a manually rotatable valve element 
J36 positioned within the changeover valve hous- 
ing J23, said valve element being rotated to the 
desired position in the manner hereinafter ex- 
plained by the contro] arm J37, which is suitably 
joined to the rotatable valve element J36 and 
which is positioned on the outside of the change- 
over valve housing 
As previously described, a supply conduit J2J 
is joined to the fluid opening 26 in the change- 
over valve, and at the saine rime the other con- 
duit J22 is joined to the fluid opening 127 therein. 
Depending upon the positioning of the valve ele- 
ment within the tracer valve housing, that is, 
within the valve s]eeve, one of the two conduits 
J2J or 22 wil] be delivering pressure fluid to the 
changeover valve housing, and the other wfll be 
conducting exhaust fluid therefrom back to the 
tracer housing for subsequent exhausting to the 
hydraulic unit and the sump therein. In Fig. 
10, it wfl] be assumed that the tracer control 
valve 76 is moved to. the position shown so that 
pressure fluid from the hydraulic unit will be 
supplied fo the changeover valve through the 
conduit 12j, and in that case the other conduit 
122 wi]] be conducting exhaust fluid from the 
changeover valve fo the tracer valve housing. 
The rotatable valve e]ement J36 within the 
changeover valve 23 bas a plura]ity of spaced 
annular openings 68, 39., 40, and J4J, which 
are sho.wn in the sectional portion of Fig. 10, 
adapted for communication with the fluid porta 
126, 12, J30, and J3J respectively. 
There are four parallel spaced, non-communi- 
cating channels of varying length arranged 
within the valve element 36, any two. of which, 
depending upon the positioning of the valve ele- 
ment 135 within housing J23, are adapted 
establish communication between the opposite 
ends of one of the two cylinders 3t or 45. As 
shown in Fig. 10, there is a long passage J42 in 
communication at its upper end with the annu- 
lar opening 138, whereas its lower end is in com- 
munication with the fluid iniet port J43. From 
the initial assumption that pressure fluid is being 
supp]ied through the conduit 12 I, if will appear 
that said pressure fluid wi]l be de]ivered to the 
opening J26 for communication through the 
changeover valve housing 23 to the in]et open- 
ing 143, and then through the long conduit 
fo the annular opening 138, through the housing 
123 fo the cy]inder port 28, and thence through 
the conduit 152 to the outer end of the hydrauiic 
cylinder 45. 
A second iniet opening J44 is shown at the 
lower end of the rotatable valve element 
opposite from the in]et port 4. It will be seen 
from the drawing in Fig. 10 that said iniet port 
144 is in communication with the opening J27 
in housing 123, and this in turn communicates 
with the fluid exhaust pipe 122. There is a sec- 
ond upright passage 145 arranged in spaced rela- 
tion from the passage 2 with ifs upper end in 
communication with the annuiar opening J39 
and its lower end in communication with the 
port 144. It wi]] be noted, and as above 
described, the annular opening 39 is connected 
with the cylinder port 129 and through the con- 
duit 13 joins the inner end of the hydrauiic 
cylinder 5. This represents one positioning of 
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the valve element J36 within changeover valve 
I23, and as above described, pressure fluid is 
being supp]ied through thepipe J32 fo the outer 
end of 46. Exhaust fluid from cylinder 45 is 
 being returned through the conduit 33 back to 
the cylinder port 29, and through the passage 
45, port 27 and the conduit 2, back to the 
tracer valve sleeve 4, thence exhausted back to 
the hydrau]ic unit 120. 
lO It will be apparent if we continue with the as- 
. sumption that pressure fluid is being supplied 
through the pipe , that the rotatable valve 
e]ement 36 may be rotated 180 degrees from the 
position shown in Fig. 10. In this case, port 
15 44 will be in communication with the port 
with the result that the pressure fluid supplied 
from pipe f2f wfll be conducted through port 
i26, opening i44, passage i45, annuiar opening 
i39, cylinder port i29, and conduit i33, fo the 
20 opposite end of the hydraulic cylinder 46; and 
it wi]l be noted that when the r0tatable val'Je 
element i36 is rotated 180 degreesfrom the po- 
sition shown in Fig. 10, that the pressure fluid 
supply is reversed fr0m one end of said hydraulic 
 cylinder fo the other, and likewise the exhausts 
connected to said cylinder bave been reversed. 
From the above description, itis apparent that 
he cylinder 46 is the only cy]inder that is under 
tracer contro], and that the cylinder 38, in view 
0 of its connection with the changeover valve, is 
receiving no fluid and is entirely inactive. 
teferring to Fig. il, the changeover valve i3 
is, however, adapted for changing the fluid pres- 
sure connections in such a fashion that tracer 
5 control]ed fluid will be supplied and exhausted 
one end or the other of the hydrauiic cylinder 
38. As shown in Fig. 11, the rotatable valve 
.e]ement i36 has an additional two fluid inlet 
or exhaust ports i46 andi4T, and when the r0- 
0 tatable valve e]ement i6 'is rotated 90 degrees 
from position shown in Fig. 10, the port i46 wfll 
be in communication with the port i6 of the 
changeover valve housing. Continuing with the 
original assumption thaf pressure fluid is being 
 supp]ied through the conduit i2i, it should 
follow that said pressure fluid wfll then be ruade 
available through the port i6 to the opening i46 
at the lower end of the rotatablé valve element 
i35. A third spaced channel i48 is found with- 
0 in the rotatable valve e]ement i36 in spaced re- 
lation to the other two channels i42 and i45. 
The upper end of the charme] i48 is in com- 
munication with the annular opening i4O, where- 
as the lower end of the channel i8 is in com- 
 munication with the inlet or exhaust port i46. 
A fourth channel i49 in parallel spaced rela- 
tion to the ether three channels i4, i45, and 
i48 is a]so formed within the rotatable valve 
element i36, the upper end of the passage 
60 being in communication with the annular open- 
ing i4i. The lower end of the passage i49 is 
in communication with the fluid inlet or ex- 
haust opening i4T formed within the ]ower end 
of the rotatable valve element i36. 
5 Consequently, as shown in Fig. ll, the valve 
e]ement i36 has been rotated 90 degrees from 
the position shown in Fig. 10, and pressure fiuid 
through the conduit i  iis being supplied through 
the passage i48 to the annular opening i4O and 
70 thence fo the cylinder port i30. From cylinder 
port i39, the pressure fluid is conducted through 
the pipe iS4 fo the outer end of the hydraulic 
cy]inder 38. At the saine rime, exhaust fluid 
from cy]inder 33 is returned through the pipe 
7 i35 into the cylinder port. i3i. There is shown 



:in Fig. Il the exhaust fluid flowing into .the 
opening 4| Rnd through the passage 149, thence 
- ,fo .the port ., Rnd retuing o the tracer vlve 
tough he condt 22. Consequently, from 
. the. piGon o the valve .element shown  in .g. 
.ll,_pmssu fluidfrom the pipe 2 is condueted 
=through the chuel fS to the outer d of the 
-hydzulic cylinder 3..Af the saine rime, ex- 
hRust fluid from sRid cyHnder returns to the 
chRngeover wlve and tough the passage 
:retums to:£he tracer valve through the pipe 2. 
tf tl be apparent R!so thRt coections to 
.the pposite en o the cylder  may e re- 
 vemed by roti ths .rotRtRbl Rlve .element 
$ tS0-drees from the position shown in g. 
11. In this .case, if will be apparent £hRt  pres- 
sure fluid ppHed.through e pipe 21 will be 
.delived toh the short charme!  to the 
i:nner end of:the hydrRulic cylinder , and ex- 
haust from the opposiçe end oî sRid cylinder wfll 
  tued roh pipe $4 Rnd tongh pas- 
sage .,-und.thence thïough the pipe 4S, open- 
:!ng 4, and openg f2, back to the tracer 
.:,val-tough the pipe 22. 
.om an examination of gs. 10 and 1t, it 
. ap that er .conolled fluid om the 
/tracer valve is pplied through either of the 
Pi . or (.22, depending upon the positioning 
f :the valve element wiin the tracer in re- 
sponse tò the tracer p engging the suace 
of e ptrn, so that pressure fluid fs upplied 
toh the pis 2 or 22 to the changeover 
val housi . Sid changeover wle bas 
:a pir ;of inlet onings 2 and 2 conducGng 
pressure flui from either of the pipes 122 or 
4 to e terior of the chatoyer valve. OEhe 
muRlly ro£atble lve .element f$ witn the 
ngeoer valve .bus four inlet opengs 4, 
.t4 6,-and 4 oed there :and .aced at 
0-ds from ech :other. In the positi of 
th rotata.ble-valve etement  in Fig.-10, y 
.the.nlet openings 4S and /4 are effeetive, sid 
:«oenings .being respecGvely in counicGon 
wi e.iet or exhaust openings 6 and 
't is y when £he rotRtRble raire element 
:;s otated 90 egrees fo he position hown în 
g..11, at the second two ppositely Rrmnged 
-ports -4and  are n cunication with 
t .opengs 26 Rnd 2. Thus it is appRrent 
t £mcer contro1 y be changed ïrom one 
.nfler to the sther. 
ill refeing  gs. 1 Rnd 11, if H be re- 
-bered £hRt the initial assption tRen 
connection with £he descripon .of sRid figures 
ntplRted £hRt .pressée fid  delivered 
from e Rcr alve sleeve 8 £o the cdut  
whereas t. other cnfluit :22 bRck to the tracer 
sleeve cndueted exhRt fld .om t change- 
over 1. Refezrg more parcarly to ig. 
 0, and:in view of the bove descriptif, if  Rp- 
çurent .ut with the setting of he rotRble 
1 eiement 36 with the chaeov wlve 
-.$, gs shown  g. 10., only the draulic 
cylinder  will be der trRcer contro!. 
Whether pressur ,fluid will be supplied tough 
tfie:pipe l or throngh the pipe 22 wiH.depend 
-enmty zn the positioning f the valve slement 
. within he tracer valve sleeve . I more- 
ment to the right of the vlve slee T 1om 
trt pson as shown.iu F.9 Js regded us 
 oement cRused bya positive displacement 
 t ho tracer tip . -ugainst the surface of the tem- 
çlae, thon if fs .apparent thRt a negRve dis- 
placement of the tracer tip as where th tracer 
.ngg s-depresSion  the templRte w cuse 
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a movement of the tracer alve 8 in the opposie 
direction, so that pressure fluid from he pïp.e line 
92 from the hydraulic unit 20 fs transmitted 
out ï'om the tracer valve sleeve 84 to the pipe 
5 f22 and thence fo the change0ver valv.e a the 
inter port 2. :From the. above description, if 
follows that exhaust fiuid rom cylinder 45 will be 
returned to the changeover valve and will return 
to the tracer .v.ave through the exhaust pipe ! 
10 .ïor subsequent exhausting through the pipe 
back to the hydraulic unit | 8. In this case, 
there is a negative displacement or such .dis- 
placement as causes pressure uid fo be sup- 
plied throughthe pipe 22, it .then fo]lows that 
15 the pressure fiuid will be supplied again to the 
hydraulio cylinder 5, s there bas been .no 
change in the rotatable valve element  5. How- 
over, pressure fluid will be supplied to the op- 
posite end of the hydraulic cylinder 45. As orig- 
20 ïnal!y described anti as viewed in :Fig. 10, the pres- 
sure fiuid xvas supplied through the pipe 12; said 
pressnre was delivered fo the outer end-of 
.cylinder .5 through the conduit 2. It conse- 
quently follows that with the valve changed toa 
25 different position so that pressure fiuid is. snp- 
i]ied through the pipe 2, thon such pressure 
fiuid wfll be delivered fo the inner end of :the 
cylinder  through the conduit f3. 
trom the above description, if is clear ht 
30 with the changeover valve element , set in a 
particular position, the tracer is capable of regu- 
!ating the reciprocal novement oï one of :the 
cylinders such as the cylinder t5 described. 
Movement of the tracer valve in one direction 
35 will supply pressure fiuid to one end of the 
cylinder ïor moving if in one direction, and 
furtherrnore, movement of the tracer valve 
a different direction wll cause pressure fluoEd 
te be supplied to the opposlte end of .said 
¢o cylinder for causing movement of said cylinder 
in the opposite direction. 
 tt lso f011ows rom the previos description of 
Fig. 11, where the origïnal asstwnption stated that 
pressure fluid was supplied through the pipe 21 
4 and was conducted through the changeover valve 
to the outer end of the hydrau!ic cylinder 35, that 
if the tr.acer valve fs moved fo a different posi- 
tion from the position shown in Fig. 11, tlzat ]s, 
a position fo the left of whut would be the central 
50 or neutral position of the tracer valve, in that 
case pressure fiuid will be supplied througl he 
pipe | 22 and exhaust will return through the pipe 
2. Thezefore, it would follow that.such pres- 
sure fi£ùd so supplied through the pipe |2 wou]d 
55 be delivered fo he inner end of the hydrautic 
cy]inder ,îS through the pipe 135 and exhaust 
fiuid from .said cylinder wou!d return through 
the pipe  34 through the changeover valve and 
return fo the tracer housing through the pipe  2 
6o Consequently, in Fig. 11 it fs also true that here 
the cylinder 38 is under tracer control and cyl- 
linder  fs inactive. Furthermore, depending 
upon the movements of the control valve within 
the tracer, pressure fiuid will be supplied through 
65 eiher of the pipes ]2 or |22. Consequentty, 
reciprocal movment oï the hydraulic cylinder 3S 
can be effected. 
By virtue of-the construction of the change- 
over valve as set ou- in detail and the various 
70 pipe connections between said changeover valve 
and the tracer, if is quite clear that at no rime 
can more than one cylinder be under tracer con- 
troi.. Af that rime, when one cylinder is under 
racer control, the oher cylinder is entirely in- 
75 active, 
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Referring fo Figs. 10 and 11, as well as Fig. 1, 
if is contemplated during a reproducing opera- 
tion where the tracer engages the surface of the 
template 35, that the carriage 2 will be fed con- 
tinuously in one direction or the other along the 
ways 29. Feed movement of the carriage 2 is 
effected by the rotatable screw 22, which is indi- 
cated in Fig. 1. If is contemplated also that the 
carriage '2 may be moved along the ways 
under hydraulic power. Lubrication may be 
supplied to carriage 2 through the pipe 
shown in Fig. 1, there being a suitable hand valve 
 5  interposed in said pipe for controlling the flow 
of lubricant therethrough. The pipe  5{} is joined 
to and in communication with the lubricant pipe 
5i which is formed within the uiright bracket 
33 shown in Fig. 1. 
,Said bracket is secured to the extension 
which forms a part of and is joined to the car- 
riage i I. 
Whether the carriage 2 (Fig. 1) is moved 
mechanically by the screw 22 or hydraulically 
makes little difference. It is contemplated that 
either of thi cylinders 38 or 45 will operate simul- 
taneously with the movement of the carriage 
as it is fed along the ways 29 with movements of 
either of the cylinders 3 or 45 being controlled 
by the tracer. 
The cross-slide 24 as indicated in Fig. 1 is oper- 
ated manually by the hand wheel 25 and the 
shaft 25a. However, if is contemplated that the 
shaft 25a could be rotated mechanically or be 
power-driven. Whether the cross-slide is con- 
trolled or moved manually or under power, if 
quite apparent that either of the two cylinders 
38 or 45 may be operating under tracer control 
throughout feed movement of and simultaneous 
with the feed movement of the cross-slide 
Thus, either cylinder may operate simultaneously 
with the movement of the cross-slide with either 
of such cylinders being under tracer control. 
Normally, when the cross-slide is being moved 
manually by the hand wheel 25 or by another 
suitable power means, the carriage 2 would be 
stationary. 
In operation, moving from right fo left of Fig. 
1, the cutter 53 (net visible) may be said te be 
operating upon the front side of the work piece 
29. The opposite side of the work piece may be 
termed the back side. Of the two cylinders 
and 45 which may be termed hydraulic motors, 
if would appear that the cylinder 38 would be 
used for cutting the front side of the work piece, 
and the cylinder 45 would be employed for cut- 
ring the back side of the work piece or the back 
side of an under-cut. Consequently, it is possible 
by the present invention te reproduce over 360 
degrees of the surface of the template in a par- 
ticular work piece. The changeover valve 23 
adapted to determine which of the two cylinders 
will be under tracer control, and thereafter the 
tracer mechanism is so connected as to effect 
reciprocal movement of the particular cylinder 
which is te be controlled. 
Fig. 10 of the drawings is a diagram of the pipe 
connections between the two cylinders 33 and 
and the changeover valve 123 as well as the 
tracer valve $4. The movable valve element 78 
which forms a part of the tracer is moved te the 
right frein the neutral position of said valve ele- 
ment as shown in Fig. 9. This .may be regarded 
as the position if would assume when the tracer 
is under a positive deflection, for example. 
In Fig. 9 the tracer valve 78 is in a neutral 
position so that pressure fluid avaflable through 

14 
the pipe 92 from the hydraulic unit 12{} ls com- 
pletely stopped and there is no flow of fluid 
through the tracer, as the position of the valve 
element 78 is such that passage 88 is completely 
5 blocked off. 
Referring again to Fig. 10, it appears that 
tracer valve 78 has been moved to the position 
shown, which may be assumed fo be a positive 
position, so that pressure fluid from the pipe 92 
10 wfll flow through the passage 87 entering annular 
opening 82 so that fluid is now conducted to the 
ourlet passage 88 and thence fo the delivery pipe 
121. As above described in detafl, thls pressure 
fluid is available fo the outer end of cylinder 45 
15 through the conduit 132. 
As shown in Fig. 11, it will be seen that the 
tracer valve 78 is in the sami position as in Fig. 
10, so that pressure fluid is again SUlilied to the 
delivery pipe Iii for conduction to the change- 
'2o over valve 123. However, it will be noted the 
rotatable element 139 within the changeover 
valve has been rotated 90 degrees from the posi- 
tion shown in Fig. 10 so that the tracer-controlled 
fluid is now delivered to cylinder 38 into the outer 
'25 end thereof through the conduit 134 in the man- 
ner hereinbefore fully described. 
Referring to Fig. 14, which is substantially 
simflar fo Fig. 10 with the exception that the 
tracer-controlled valve 78 has been moved in the 
3o opposite direction ïrom the neutral position 
shown in Fig. 9, and this would correspond fo the 
negative position of the tracer, which has belote 
been described. Furthermore, Fig. 14 differs 
slightly from the diagram shown in Fig. 10 inas- 
35 much as for purposes of illustration there has 
been taken a transverse section of the changeover 
valve 123, whereas in Fig. 10 there was a longi- 
tudinal section thereof. However, it is apparent 
that the rotatable valve element 139 is in the 
40 saine position with respect fo its housing 123 in 
both of the Figures 10 and 14. 
Referring to Figs. 10 and 14, as the tracer con- 
trol valve 73 has been moved to the negative 
position shown, pressure fluid will be delivered 
,15 through the pipe 122 now, instead of the pipe 12 I, 
conducting pressure fluid to the port 127 .of the 
changeover valve. This pressure fluid is thon de- 
livered fo the oppesite end of the cylinder 45, 
i. e., the outer end, through the conduit 133. 
50 In comparing Figs. 10 and 14, it is apparent 
that when the rotatable valve element 139 within 
the changeover valve remains unchanged, the 
movement of the tracer valve 73 to a positive 
position will conduct pressure fluid fo the inner 
55 end of cylinder 45 through the conduit 
whereas, and as shown in tig. 14, when the tracer 
has assumed a negative position, iressure fluid 
will be delivered to the opposite end of cylinder 
45 through the conduit  33. This means that for 
6O any given position of the rotatable valve element 
within the changeover valve, the tracer valve 
self, depending upon its positioning, wfll regulate 
the reciirocal movement of one hydraulic cylin- 
der such as the cylinder 45 above described. 
65 In comparing Fig. 15 with Fig. 11, it is appar- 
ent that Fig. 15 is also a diagram of thi various 
connectionsbetweenthecylinders and the change- 
over valve as well as between the tracer. How- 
over, here also the rotatable valve element 139 is 
70 in the saine position in both figures. Fig. 15, 
however, shows a transverse section of the 
changeover valve as contrasted with the longi: 
tudinal section thereof shown in Figi 11 for illus- 
tration. Consequently, with the rotatable valve 
75 element 3 within the changeover valve in the 
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saine position, and wih the tracer control valve 
8 .n the saine position in Fig. 15 as in Fig. 11 
ït is clear that Pressure fluid should be delivered 
ïn bïth instances to the outer ends of the cylinder 
38 throuEEh the pipes |34, the exhaust returning 
from .said cylinder through the conduits 
Fig..15 may also be compared with Fig. 14, 
,wheren ït is seen that in Fig. 15 the rotatable 
valve e]ement !.8 bas been rotated .90 degrees in 
a ctockwse direction. ïhis means that the tracer 
control which in .Fig. 14 was to one end of the 
hylraulic cylinder 45 changed over fo one end of 
he hydraulic cylinder  8. 
Fig. 16 ïn the drawings is also a diagralnmatic 
illustration of the various onnections between 
'the cylinder, the chan2eover valve, and the tracer, 
and it is seen in comparing Figs. 14 and 16 that 
the tracer control valve element 8 is in a nega- 
tiv position .and is to the left of the central, 
neutral position shown in Fig. 9, so that pressure 
fluid is supplied fo the changeover valve through 
the conduit |22, with exhaust fluid returning 
from he .changeover valve fo the tracer through 
-îhe .conduit |2|, in the manner ïul!y described 
hereinabove. In compaïdng Figs. 14 and lo 
clear that the tracer valve  is in the saine posi- 
tion ith respect to the valve sleeve in both of 
these figures. However, it appears that the fo- 
retable valve element |3 within the changeover 
valve bas been rotated in Fig. 16 130 degrees 
rom the position shown in Fig. 14, with the re- 
suit tlat the tracer control remains in the cyl- 
inder 4 butthe negative positioning oî the tracer 
.coatr01 valve 18 in .Fig. 16 causes pressure fluid 
$o be supplied to the opposite end of the cylinder 
OEròm that shown in Fig. 14. In other words, the 
ffeet of the negative positioning of the tracer 
valve elemerft 8 npon a particular cylinder con- 
neted Shereto may be reversed af any rime by 
zotting the rotatable valve element | 8 180 de- 
grees from one posifiion to the other. For ex- 
ample, tracinz over the surface of a pattern on 
one .side thereof, a negative pesRioning of the 
tracer .arm will cause a particuiar cylinder to 
more in one direction, carrying the tracer and 
:cu.tter toward the pattern and work piece re- 
spectively. Now, assuming i% is-desired to trace 
the opposite side of the pattern using the saine 
arrangement of elements and there is also a nega- 
tlv.e deflection, it will be seen that in order that 
%ho tracer and outrer more toward the pattern 
and work piece respectively, it will be necessary 
for he cylinder under tracer control to more in 
the opposite direction. Consequently, by being 
abl fo rotate the rotatable valve element |3 180 
 degrees frein one position to another, the control 
effect of the-tracer valve 78 is reversed so that 
the negative positioning of the valve in one posi- 
tion of the changeover valve causes the cylinder 
fo moTe in one direction, whereas when the 
changeover valve is rotated 180 degrees, the saine 
negative positioning of the tracer valve will cause 
the cyluder under tracer control to move in the 
opposite direction. Consequently, itis possible to 
trace over 360 degrees of a template or pattern. 
Peferring to Fig. 17, itis seen that this figure, 
which is a disrammatic view of the connections 
between the cylinders, the changeover valve, and 
fhe tracer, is substantially simflar to the dia- 
Frammatic view shown in Fig. 15. It will be noted 
that the valve element 7 is in the same positive 
position in iii. 17 as in Fig. 15. However, the 
'otatable valve element |8 in .the changeover 
valve has been .rotated in Fig. 17 180 degrees from 
the positionshown.in lig. 15. 

16 
As .shown in.Fig. 15, cylinder 38 is under tracer 
.control with pressure fluid being sUpplied to the 
outer end thereof through the pipe |34. Itis 
noted also that cylinder 4 is inactive. Now re- 
: ferring to Fig. 17, the valve element |8 has been 
rotated 180 degrees so that tracer control still re- 
mains within the cylinder 8; however, the opera- 
rive effect of the tracer control valve 8 is re- 
versed and pressure fluid is now supplied fo the 
Io opposite end of cy]inder SS through the conduit 
|35. From this if .follows that et any rime no 
more than one of the two cylinders 38 or  is 
under tracer control. With one particular posi- 
tion of the chan2"eover valve, the tracer wfll con- 
5 trol fluid depending upon the movement of the 
valve element 8 to either one end or the .other 
of the cylinder under tracer control, wih the 
other cylinder being inactive. Now, if .the 
changeover valve is rotated 90 degrees from a 
20 particular position, if will be seen that, as ïully 
explained, tracer control will be switched from 
one cylinder to the other, the second clinder 
now being under tracer control and with he flow 
being to one end or the other thereof depend- 
25 ing upon the positioning of the tracer con- 
trol valve element , with the first cylinder now 
inactive. 
At any rime, however, when the hangeover 
valve is rotated 130 degrees from one position to 
30 another, tracer contro] will romain in the par- 
ticular cylinder under control; however, the ef- 
fect of the movement of the tracer control valve 
7 is reversed as far as the flow of fluid to a pa- 
ticular cylinder is concerned; that is, if the tracer 
5 in both cases is in a positive positioning, hang- 
ing the changeover valve 180 degrees will cause a 
particular cylinder fo more in one direction, 
which is the opposite from the initial direction 
controlled by the positive positioning of the tracer 
0 control valve. In other words, when Fou rotate 
180 degrees, you do not change the control from 
one cylinder to the other; the control saFs in 
the saine cylinder, but the operative effect of the 
control valve is reversed. 
45 leferring fo Fig. 1, means are provided for 
supporting adjustably the tool holders carried 
by the top slide 4. More païticularly, a pair of 
parallel uideways |4 are arranged upon the 
top slide 44, preferably in a direction parallel o 
50 the path of movement of the carriae |, there 
bein an inverted T slot t between said guide- 
ways. ïool holder plate  is adjustably and 
slidably mounted upon the ways |4 and carries 
the block standard | upon which is mounted 
55 the tool hold-dowu plate |5. 
it will be seen from Fi. 1 and Fig. 2 tha a 
plurality of cutting tools |3 may be mounted 
upon the tool holder plate |5 and retained be- 
tween said plate and the tool hold-down plate 
60 .|8. The latter is immovably secured to the 
block |l by the plurality of set screws or bolts 
3 which threadably extend down through plate 
.|5 and into corresponding threaded openings in 
he block | to thereby immovablF hold the 
65 outrer blades | within the tool holder proper. 
ïhe tool holder is swivel mounted upon the 
guideways |4 upon the T-boit |5, which is 
retainingly positioned within the T-slot | 
and which extends upwardly through cotte- 
70 sponding openins in the plates |, |, and 
|.. ïhe T-boit t5 o extends upwardly beyond 
the top of the plate , and a cylindrically- 
shaped hold-down cap |G0 is positioned upon said 
boit with its lower surface bearing upon the top 
5 of the plate |55. 
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Manually rotatable locking arm 16! is thread- 
ably.journaled upon the upper end of T-bolt 
159 with its under surface operatively bearing 
upon the top surface of the cylindrical hold-down 
Cement !60 whereby once the .tool holder is 
swiveled fo the proper position, the cutting tool 
153 Or the particular cutting tool employed with 
respect fo the work piece 25 will be properly posi- 
tioned and secured agait  rotary movement 
about the T-bolt 9. 
e top nut 62 is threadably positioned upon 
he upper end of the T-bolt  9 and is adapted to 
retain the locking arm 6  on said bolt. 
For various es of cutting operatio and 
particularly in under-cutting, itis often neces- 
sary fo change the cutting ol  for one of 
a sHghtly different shape in order to thereby 
negotiate certain vacations in the cvate of 
the intendëd work piece. This may be accom- 
plished merely by looseng some of the said 
crews  so that the particar cutting tool 
previously employed may be removed and 
other cuting tool of the proper shape inserted 
and secured. On the other hand, a plurality of 
different-shaped cutting tools  may be posi- 
tioned upon the tool compound and the desired 
cutting tool may be rotad into proper position 
merely by loosening the locng arm  6 . There- 
after the saine is tightened again and the com- 
pound is immovably retained in the proper posi- 
tion for the cutting operation. 
Referring to g. 2, the work piec e tobe re- 
produced from the template  when fished in- 
cludes a plurality of surfaces 4, S, i, , 
l8, i89, and iTO. 
In the formation of these rations sfaces by 
the particu]ar cutter employed, itis contemplated 
as part of the present invention that either of 
the cy]inders 38 or  wfll be employed for a 
portion of the cutting operation depenng upon 
the positioning of the particar surface tobe 
cut. For exple, reproducing the surfaces 16 
nd. 165, the changeover valve 123 will be ad- 
justed through rotation of its rotatab]e valve 
e]ement 13 so that the tracer control 1 be in 
the cy]inder 38 sole]y and the reproduction by 
the cutter wfl] be along the line 8¢ indicated in 
Fig. 2 with respect to the work piece 9. If wi]l 
be noted that throughout the cutting operation 
the cam'iage 21  being continuous]y fed along 
lines para]]el to the ax of the rotatable work 
piece. Natura]]y the preset invention conm- 
plates cutting devices where the work piece is 
stationa and the carriage 21 is movab]e in 
a predetermined plane. At any rime whi]e e 
curer is negotiating the surface 16 and prior 
to going over the surface 166, it wi]l be desirab]e 
fo so= adjust the changeover valve to switch 
tracer control from cylinder 8 to cylinder , 
and the feed movement fo correspond to the ar- 
row incated at ¢ corresponding to the feed 
movement of the cylinder . It fo]]ows, there- 
fore, that for the balance of the cutting upon 
the surface 16, tracer control wi]l be to the 
cy]inder  and will continue as the cutter be- 
gi to more into the portion of the workpiece 
designated by the numeral 166 and thereafter 
he surface 16 or a portion.thereof. 
At an inrmediate portion of the surface 
itis quite apparent that itis desirable to now 
switch back tracer control to the cyHnder 
This is done by agaln adjting the changeover 
valve to the inial position so that the cutter 
is moving at an angle indicated by the arrow 
38¢, continu]y negotiating e surface 16 as 
well as thè'sfaces: 168 and t69. 

Midway or, for that marrer, at any point along 
the surface 169, if will then be desirable fo switch 
tracer control to the cylinder 45, and this is done 
by again adjusting the changeover valve fo the 
5 second position above recited, with the tracer 
now controlling cylinder 45. The direcçion of 
feed movement of the cutter with respect fo 
. the work piece will then be again indicated by 
the arrow lSa, and the cutter wi]] continue and 
10 complete the surface 169 and wil] continue over 
the surface 170. 
By the present construction, it is apparent 
that by arranging the two cylinders 35 and 5 
at angles to each other and at angles to the 
15 direction of movement of the carriage, itis pos- 
sible to negotiate the entire surface of the work 
piece 29 corresponding to the surface of the 
template 3 throughout continuous feed move- 
ment of the carriage 2 I, if being necessary only 
20 that there be an operator to switch the change- 
over valve from one position to another, thereby 
changing the control from one cy]inder to the 
other at the proper rime. 
Itis quite apparent also that there is no great 
25 necessity for quickly changing over from one 
cylinder to the other, as above explained. For 
instance, the changeover valve may be changed 
af anY tJme whfle the cutter is negotiating the 
surface 165, for example. 
30 In the reproduction of under-cut surfaces from 
a temp]ate simflar]y under-cut, the changeover 
valve may be so arranged that a plus displace- 
ment of the tracer would cause the cutter to move 
downwardly as viewed in Fig. 2. This would be 
35 the movement required of the cutting tool in 
cutting a male part. Now, in negotiating an 
under-cut or female part, the changeover valve 
wou]d be turned to a position 180 degrees from 
its initial position, with the result that the cutter 
40 would more in the opposite direction with the 
same type of positive placement of the tracer to 
thereby reproduce the female part. 
As above descrlbed in detail, the switching of 
the changeover valve 180 degrees from one posi- 
tion to another merely reverses the direction 
45 effect caused by the tracer control valve with 
respect to one particular cYlinder. It wi]l be re- 
membered that changing over 180 degrees turn, 
that the cylinder controlled is unchanged and 
further that on]y one cylinder is ever under tracer 
50 control atone rime. 
Itis quite c]ear, then, that the tracer construc- 
tion set out in Fig. 9 is intended to control the 
operation of the cylinders 35 and 15 one ata rime 
55 with said tracer being adapted to control direc- 
tion of movement of the respective cy]inders as 
we]l as the speed of movement thereof. As fo 
which cy]inder will be contro]]ed by the tracer, 
this depends entirely upon the manual operation 
60 of the changeover valve, and the rime of opera- 
tion of this cylinder is contro]led by the tracer. 
As viewed in Fig. 8, the changeover valve hous- 
ing 123 is secured to the outer end of the hy- 
draulic cy]inder 35, movable therewith, said 
65 changeover valve being secured thereto at the 
point 171). 
Referring now to Fig. 6, there is a drain con- 
duit 91 from the hydraulic unit 120, which as 
above described is connected with the drain pipe 
70 90 and the tracer valve housing 106. As shown in 
Fig. 6, the drain pipe 91 also continues to the 
lower end of the changeover valve housing 123 
for also conducting away any seepage which col- 
lects within the lower end thereof. 
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What I claire as new is: 
1. in .a .reproducing machine adapted for re- 
producing on a work piece the æorm and shape oæ 
a Pattern and embodying a tracer for traveling 
over the pattern and a cutter for operating upon 
the work piece, a Supporting body; a carriage slid- 
ably mounted on said body; a power-operated 
mechanism for moving said carriage longitudi- 
nally oæ said body; a cross-slide on said carriage 
movable transversely thereof; a second slide 
mounted On said cross-slide and movable rela- 
tively thereto diagonally to the direction oæ more- 
ment of said carriage and said cross-slidei and 
movable in unson with said cross-slide upon 
transverse movement of said cross-slide relatively 
to said carriage; a third slide mounted on said 
iecondslide and movable relatiiely thereto diag- 
onally to the direction oæ movement of said car- 
riage in an opposed direction to the direction 
of movement of said second slide, said third 
slide being movable in unison with said second 
slide upon movement of said second slide rela- 
tively to said cross-slide; and a tracer mecha- 
nism mounted on said third slide and movable 
in unison therewith for traveling over the sur- 
æace of a pattern with which contacted upon 
movement of said slides in predetermined direc- 
tions. 
P.. In a reproducing machine adapted for re- 
producirlg on a work piece the form and shape 
of a pattern and embodying a tracer for traveling 
over the pattern and a cutter for operating upon 
the work piece, a supporting body; a carriage 
slidably mounted on said body; a power-operated 
mechanism for moving-said carriage longitudi- 
nally of said body; a crossslide on said carriage 
movable transversely thereof; a second slide 
mounted on said cross-slide and movable rela- 
tively thereto diagonally to the direction of more- 
ment of said carriage and said cross-slide, and 
movable in unison with said cross-slide upon 
transverse movement of said cross-slide relatively 
to said carriage; a third slide mounted on said 
second slide and moväble relatively fhereto diag- 
onally to the direction of movement of said car- 
riage in an opposed direction to the direction 
of movement of said second slide, said third slide 
being movable in unison with said second slide 
upon movimint of said second slidi iilativily to 
said cross-slide; and a tracer mechanism mounted 
on said third slide and movable in union there- 
With for traveling over the surface of a pattern 
with which contacted upon movement of said 
slides in predetermined directions; and a tool 
holder mounted on said third slide for supporting 
a cutting tool, said tool holder being movable on 
said third slide; and a clamping mechanism for 
clamping said tool holder in fixed relation to said 
third slide. 
3. In a reproducing machine .adapted for use 
on a machine having a bed, a carriage slidably 
mounted on said bed, means for moving said 
carriage longitudinally of said bed, a cross-side 
mounted on said carriage and slidable trans- 
versely of the direction of movement of said 
carriage, and means for moving said cross-slide 
relatively to said carriage: a second slide 
mounted on said cross-slide and movable in un- 
/son therewith upon movement of Said cross- 
slide relatively fo said carnage and movable 
relatively to said cross-slide ïn a direction ex- 
tended diagonally to the direction of movement 
of said carriage in the direction of movement 
of said carriage; a third slide mounted on said 
second slide and movable in unison therewith 

ïpon-movement of said second slide and movable 
relatively thereto diagonally to the direction, of 
the movement of said carriage and in a :direc- 
tion, opposed to the direction of movement ,of 
5 said carr!age; a cutting tool support slidbly 
mounted on said third slide; a clamping mech- 
anism for clamping said cutting tool support:in 
lïxed relation to said third .slide; and  cutting 
tool carried by said cutting tool support; 
10 draulic motor for moving said second named 
slide; and a tracer mechanism enggeable with 
a pattern and, traveling over the surface thereof 
and adapted for controlling .said hydraulc mo- 
tor for contro!ling the movement of said.secçd 
15 slide. 
4. In a reproducing machine adapted.for us.e 
on a machine having .a  bed, a carriage-s!dably 
mounted on said bed, means for moving s.ai 
carriage longitudinally of said bed,  cross- 
20 slide mounted on said carriage and slidable 
transverse]y of the direction of movement of 
said carriage, and means for movirlg said cross- 
slide relatively fo .said carriage:  second slide 
mounted on said cross-slide and movable-in 
25 unison therewith UPOn movement of said cross- 
. slide relatively to said carriageand movable rel- 
atively to said cross-slide in a direction extended 
diagonaHy fo the direction of movement .of said 
earriage in the direction .of movement of sid 
30 carriage; a third slide .mounted on said _second 
s]ide and movable in nnison therewith npon 
movement of said second slide and movable rel- 
atively thereto diagonally to the direction of 
the movement of said carri.age and in a di- 
35 rection opposed to the direction of movement 
of said carriage; a cutting too] .support. slidably 
mounted on said third slide; a clamping mech- 
anism for c]amp.ng said cutting tool support in 
fixed relation fo said third slide; and a.cutting 
40 tool carried by said cutting tool support;  h- 
draulic motor for moving said third slide; .a 
tracer mechanism carried by .said third slide 
and movable over the surface of apattern £o be 
reproduced for controllïng the operation of said 
4 hydraulic motor for .coitrolling the movement 
of said third slide. 
5. In a reproducing-machine adapted for use 
on a machine embodying a supporting bedj a 
carriage s]idably mounted on said bed nd.mov- 
,60 able longitudina!]y théreof, and meansfor mov- 
ing said carriage longitudnaily of said bed:. a 
slide mounted on said carriage and movable lon- 
gitudinally of said bed in unison with said car, 
riage and movable re]atively to s.aid cai'ragê di- 
 agonally to the direction Of tavei .of said car- 
riage and in a direction-coincident witt-thë di- 
rection of travel of said carriage; « second Slide 
mounted on said first slide and-mova!e in uni- 
son therewith upon movement of said flrst siide 
(0 and movable relatively thereto in a direction 
diagonally to the direction of movemenf o-f _si d 
carriage and in a direction opposed to the .di- 
rection of movement of said c.arriage;  a cutting 
too1 carried bysaid second slïde, said cutting 
5 tool being slidably mounted on said second-sliàe; 
clamping means for clamping sai.d cutting tool 
in fixed relation to said second slide; a hy.drau- 
lic motor for moving laid flrst slide; .a.hydzaulic 
motor for moving said second slide; a-tracer 
70 mechanism carried by said second slide and 
adapted for traveling :over the surface of a pat- 
terri to be reproduced, for controlling the .op- 
eration oï said hydraulic motors. 
6. In a reproducing machine adapted £or use 
.75 on a machine embodying  supporting]êd, a 
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carriage slidably mounted on said bed and mov- 
able longitudinally thereof, and means for mov- 
ing said carriage longitudinally of said bed: a 
slide mounted on said carri.age and movable 
longitudinally of said bed in unison with said 
carriage and movable relatively to said carriage 
diagonally to the direction of travel of said car- 
riage and in a direction coincident with the di- 
rection of travel of said carriage; a second 
slide mounted on said first slide and movable in 
unison therewith upon movement of said first 
slide and movable relatively thereto in a direc- 
tion diagonally fo the direction of movement of 
said carriage .and in a direction opposed fo the 
direction of movement of said carriage; a out- 
ring tool carried by said second slide, said out- 
ring tool being slidably mounted on said second 
slide; clamping means for clamping said out- 
ring tool in fixed relation fo said second slide; 
a hydraulic motor for moving said first slide; a 
hydraulic motor for moving said second slide; 
a tracer mechanism carried by said second slide 
and adapted for traveling over the surface of 
a pattern to be reproduced, for controlling the 
operation of said hydraulic motors as fo rime 
of operation, speed of operation, and direction 
of operation; and a manually operable valve 
for selectively connecting either of said hydrau- 
lic motors to said tracing mechanism for con- 
trol thereby. 
7. In a reproducing machine adapted for use 
on a machine embodying a supporting bed, a 
carriage slidably mounted on said bed and mov- 
able longitudinally thereof, and means for mov- 
ing said carriage longitudinally of said bed: a 
slide mounted on said carriage and movable lon- 
gitudinally of said bed in unison with said car- 
riage and movable relatively fo said carriage 
diagonally fo the direction of travel of said car- 
riage and in a direction coincident with the di- 
rection of travel of said carriage; a second slide. 
mounted on said first slide and movable in uni- 
son therewith upon movement of said first slide 
and movable relatively thereto in a direction di- 
agonally fo the direction of movement of said 
carriage and in a direction opposed fo the direc- 
tion of movement of said carriage; and a out- 
ring tool carried by said second slide, said out- 
ring tool being slidably mounted on said second 
slide; a hydraulic motor for moving said first 
slide; a hydraulic motor for moving said second 
slide; a tracer mechanism carried by said sec- 
ond slide and adapted for traveling over the sur- 
face of a pattern to be reproduced, for control- 
ling the operation of said hydraulic motors. 
8. In a reproducing machine adapted for use 
on a machine embodying a supporting bed, a 
carriage slidably mounted on said bed and mov- 
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able longitudinally thereof, and means for mov- 
ing said carriage longitudinally of said bed: a 
slide mounted on said carriage and movable lon- 
gitudinally of said bed in unison with said car- 
5 riage and movable relatively fo said carr.iage di- 
agonally fo the direction of travel of said car- 
riage and in a direction coincident with the di- 
rection of travel of said carriage; a second slide 
mounted on said ïn'st slide and movab]e in uni- 
10 son therewith upon movement of said first slide 
and movable relatively thereto in a direction di- 
agonally to the direction of movement of said 
carriage and in a direction opposed fo the direc- 
tion of movement of said carriage; a cutting tool 
15 carried by said second slide, said cutting too] 
being slidably mounted on said second slide; a 
hydraulic motor for moving said first slide; a 
hydraulic motor for moving said second slide. 
9. In a reproducing machine adapted for use 
20 on a machine embodying a supporting bec, a car- 
riage slidably mounted on said bed and movable 
longitudina]ly thereof, and means for moving 
said carr!age ]ongitudinally of said bed: a slide 
mounted on said carriage and movable }ongitu- 
25 dinally of said bed in unison with said carriage 
and movable relatively fo said carriage diago- 
nal]y fo the direction of travel of said carriage 
and in a direction coincident with the direction 
of travel of said carriage; a second slide mounted 
30 on said first slide and movable in unison there- 
with upon movement of said first s]ide and mov- 
able relatively therete in a direction diagonally 
in the direction of movement of said carriage 
and in a direction opposed fo the direction of 
35 movement of said carriage; a cutting teol car- 
ried by said second slide, said cutting tool being 
slidably mounted on said second side; a hy- 
draulic motor for moving said first slide; a hy- 
draulic motor for moving said second slide; and 
40 a manually operable valve for selectively ren- 
dering either uf said hydraulic motors alternately 
operative and inoperative. 
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